We report a case of monoclonal gammopathy of renal significance in a 63-year-old man who presented with nephrotic-range proteinuria and renal insufficiency. The kidney biopsy showed a membranoproliferative glomerulonephritis pattern with extensive crystalloid deposits in the glomerular capillary endothelial cells and very few in the tubular epithelial cells. The immunoperoxidase staining showed kappa light chain restriction. Subsequently, the bone marrow showed 6% plasma cells which confirmed the diagnosis of monoclonal gammopathy of renal significance. He responded well to bortezomib treatment with resolution of the nephrotic syndrome and normalization of renal function after 7 months.
Background
The most prevalent renal involvement in patients with plasma cell dyscrasia (PCD) is light chain cast nephropathy followed by amyloid light chain (AL) amyloidosis and monoclonal immunoglobulin deposit disease. Other diseases with such lesions include Fanconi syndrome, proliferative glomerulonephritis with monoclonal deposits and immunotactoid glomerulopathy [1, 2] . Monoclonal crystalloid inclusions are seen in proximal tubulopathy in patients with Fanconi syndrome. A crystalloid deposit of light chains in the capillary endothelial cells is a rare manifestation of multiple myeloma. Crystalloid inclusions are rarely identified in glomeruli [3] [4] [5] [6] [7] [8] [9] [10] [11] . Such inclusions of monoclonal light chains in capillary endothelial cells are a rare manifestation of PCD [3, 8] .
We present the case of a 63-year-old man with newonset nephrotic syndrome, renal insufficiency and no comorbidities. Kidney biopsy findings led to further PCD work-up, and the diagnosis of monoclonal gammopathy of renal significance (MGRS) was confirmed.
Case history
A 63-year-old man presented with progressively increasing pedal edema of 2 months duration and dyspnea for which he was hospitalized. At admission, he was found to have anasarca, massive ascites and anemia. His blood pressure was 120/80 mm/Hg, respiratory rate 22/min, heart rate 98/min. Laboratory investigations revealed a hemoglobin of 115 gm/L, white blood count (WBC) 5. The biopsy revealed a membranoproliferative glomerulonephritis 'pattern' (Figure 1 ) with numerous eosinophilic crystalloid structures of variable shapes within the cytoplasm of endothelial cells and a few in the podocytes ( Figure 2 ). The tubules showed very few foci with crystalloid structures indicating proximal tubulopathy. Immunofluorescence with IgG, IgA, IgM, C3 and C1q were negative. Immonoperoxidase staining for kappa and lambda light chain showed a strong reaction with kappa light chains and negative reaction with lambda ( Figure 3 ). Ultrastructure study of endothelial cells showed rhomboid to hexagonal shaped crystals with sharp edges within the cytoplasm. A diagnosis of crystalloid glomerulopathy with an membranoproliferative glomerulonephritis (MPGN) pattern and proximal tubulopathy consistent with Fanconi syndrome was made.
Serum electrophoresis showed an intense monoclonal M band in the gamma region, with elevated gammaglobulins of 37.05% (normal 12-22%) and serum IgM 7.33 g/L (normal 0.45-2.45 g/L). Bone marrow biopsy revealed 6% plasma cells. Immunofixation of serum and urine showed IgG-kappa monoclonality. Following the diagnosis of PCD, the patient was treated with six cycles of intravenous bortezomib and oral dexamethasone in standard dose recommendations. Lenalidomide was added after three cycles. At 7 months after initiation of therapy, he was symptom free with edema and ascites resolved; normalization of serum creatinine to 79 µmol/L, albumin/globulin ratio 1.31:1 and normal serum electrophoretic pattern. Hemoglobin improved to 126 gm/L. The 24-h urine protein excretion declined to 1.2 g. However, he was lost to follow-up for 2 months and has recently returned with an increased serum creatinine 230 µmol/L, elevated IgM 3020 g/L and faint monoclonal band in serum electrophoresis.
Discussion
Renal involvement occurs often in patients with multiple myeloma. The incidence of renal failure is 19-56% and proteinuria 70-80% [1, 2] . Organ damage is predominantly attributed to two broad mechanisms, i.e. the immunoglobulin-mediated and non-immunoglobulin-mediated type in PCD [1] . Renal impairment in monoclonal gammopathy, without fulfilling other criteria of multiple myeloma, is categorized in the recent literature as monoclonal gammopathy of renal significance [12] .
Clinical bedside teaching and the foremost differential diagnoses considered in the case of an elderly patient presenting with nephrotic syndrome with or without renal failure include membranous nephropathy, primary amyloidosis focal-segmental glomerulosclerosis and minimalchange disease. The severity of renal failure at presentation is often mild to moderate in these conditions. Hypotension, if present, is in favor of a diagnosis of amyloidosis. A histological approach to the etiologic classification of MPGN was recently reviewedby Sethi et al. [13] . Work-up to exclude dysproteinemia is recommended in cases with MPGN with monoclonality on immunofluorescence. Histologic findings of eosinophilic inclusions in the glomerular tufts with an MPGN pattern raises other possibilities of systemic disease (in order of prevalence) such as class IV lupus nephritis, cryoglobulinemic MPGN and, rarely, intracapillary monoclonal immunoglobulin deposit disease.
A physicochemical property inherent in filtered light chains is the main reason for crystal formation. Leboulleux et al. [14] have shown that crystals in proximal tubulopathy are resistant to proteolytic cleavage in vitro. Light chain crystalline inclusions in PCD are more commonly seen within the proximal tubular epithelial cells appearing as bright eosinophilic crystals that are needle-, ovoid-or rhomboid-shaped. However, crystal deposition within the glomerular cells is uncommon; only nine case reports have been published in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] . Of the nine cases, five were males and four were females. IgG-kappa was seen in all of them; the diagnoses were multiple myeloma in seven cases and MGRS in two cases. Six of these nine patients presented with non-nephrotic proteinuria and full nephrotic syndrome was seen in three cases. Renal insufficiency was seen in eight cases. Rossmann et al. [9] and Matsuyama et al. [6] have described one case each of crystalloid inclusions in patients with MGRS in women aged 44 and 40 years, respectively. Both had IgG-kappa monoclonality and presented with nephrotic-range proteinuria and normal renal function. Histologically, glomerular crystalloid inclusions were detected in podocytes in both cases. Our case has similarities with the two previously described cases; however, in addition, our patient had renal insufficiency and crystalloid deposits located predominantly in the glomerular endothelial cells. Reviewing all previous cases, the common factor is monoclonal light chain with different physicochemical characteristics. Immunohistochemistry performed better compared with the immunofluorescence technique in demonstrating monoclonality due to the denaturing process and the exposure of the antigenic sites sequestered in the crystalline lattice.
A significant number of PCD cases have indolent clinical manifestations, falling short of hematologic criteria but demonstrating monoclonality in serum/urine. Renal impairment has been proven to be an independent prognostic feature for survival [15] . These cases have high rates of post-transplant recurrences. An index case showed only 6% plasma cells and hence could not be called a multiple myeloma. In light of recent advances in management approach, he was managed with bortezomib and steroid therapy. The response observed in this case according to criteria [15] was a very good partial response for 7 months. However, there was progression-free survival for 9 months with serum immunofixation demonstrating IgG-kappa light chain restriction and elevated IgM levels.
In summary, this is a case of nephrotic syndrome with acute kidney injury as the presenting symptom of monoclonal gammopathy of renal significance. Crystalloid deposits in the capillary endothelial cells, podocytes and tubular epithelial cells are also a rare presentation in multiple myeloma. The kidney biopsy findings were paramount to a speedy diagnosis, treatment and remission in this patient. This case highlights how monoclonal gammopathy may present and progress with few clinical symptoms, an isolated involvement of the kidney, a very good partial response and a short progression-free survival necessitating re-induction.
